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Rccen[  radio intc$rlcrotne[m obscrva(iom  of NcptuIIc  caablc co]nparisoas  of tk radio bri,ghtmss  tcmpcraturc  (I’D)

stxxlra  of all four gi:ml planets. I;igurcs 1, 2, 3, aIId 4 slmw LIN ‘I’D spccm of Jupiter,  Saturn,  lJranus,  and NcpIunc,

rcspcclivcly,  fmn  0.1 10 [ens of cm wavclcnglll, ‘1’hc dala shown arc collcc(cd  from many  observers. l>ala for

Jupiter, Satura,  and LJranus arc Ilmc  catalogd  by dc I’alcr a!)d Massic  [1985], plus the Sa[uru VI .A data by

(irosslwm C( OL [ 1989]. I;igurc 3, (Jratius,  shows oIIly data  acquired since 1973.  Ik!forc 1973 lJranus’  ‘JB increased

s(cadily  as i(s pole moved into view, causing significant smttcr ia tlmsc data, Neptune data at >1 CII), all takca  at

the VI .A, arc collcmd frolll  dc I’atcr  and I<ichmoad [1989], dc l’atcr et (I1. [1991], ml IIofstadtcr  [1993]. For a

variety of reasons, siaglc-dish data at II)osc  wavclcagths  arc Inuch lmisicr  LhruI  LIIC more reliable VI .A data and have

bcca ignored. Siaglc-dish  data by Gril’fin and ChWm [1993] shmward of 0.4 cm arc shown,  along  with the OVI<O

daIum al 0.266 cm by Muhlcmm and Dergc [1991].

Spccm of Jupiter, Saturn, and Ncp(um share ccrtaia  gross chararicl-islics. II) each case ‘I’n at 0.1 cm is within

-30 K of that at 1.3 cm, which is in tbc 120-140 K raagc. ‘1 ‘hc spcc(ra  incrcasc  mcmcmmicalt  y with wavelength

only longwrrrd  of 1.3 cm. Ammonia (N1 13), whose strong inversion spcclrum  peaks at -1.3 cm, is Imowa to bc an

imporlaat  tropospbcric  coast itucll[  al Jupiter and Saturn. IIS sigaaturc  on the Jovian spectrum is obvious, causiag

the promincl]t  “IIoIc” at 1.3 cm. At Saturn it is a bit mmc subdued but is the source of that spccmm’s change in

slope at 1,3 cm. Radialivc  traasfcr models of Jupiter aad Saturn using  near-solar ctccp N113 abundances agree WC1l

willt the data [dc I’atcr, 1990].

(Jranus’ ‘I’u spectrum dots aot fit lhis pat[crn. 1 t iwmxtscs  n)rmolonical]  y with wavelength over the eutirc range

shown ill figure 3, with no cvidcncc of a break in slope near 1.3 CIU. ‘I’D is -175 K aI 1.3 c(I1, -80 K warmer thrm at

0.1 cm and much warmr  than the other lhrcc planets. At -20 cm and 0.1-0.4 m [Jrauus’  ‘[’B arc cpritc close to

Ncptutlc’s, but ill the 1-10 cm range LJranus  averages 30-50 K co]dcr than Ncptuuc.  Gulkis  et al. [1978] first

showed thal lJranus  radiative tramfcr  models wi~h near-solar N] 13 deep ahuadanccs predict ‘l’n at cm wavc]cagths  that

arc much too cold. [Ising  aa N] 13 abuadancc about 1 % of solar fit the data best, but far from pert’cctly. They offered

mc possible cause for the rtpparcltt  N} 13 dcplctioa:  a stll)cr:lt)llll(laT~cc  of 112S could react out most of the N] 13. Note

the 1 IZS was postulated. “1’here is no dircc( obwrvatiomd  cvidcncc of 112S, which has not yet bcca dctecte(l  at any of

IIlc gialll  plalwts.  It was merely coasidcrcd  tllc  most likely  candidate to dcplctc N] 13.

Some rcscarchcrs  susgcst  a significatlt  1 lZS s~llxr:lt>~lt~~l{l[lcc  at Neptune also. l]roblcms  fitting radiative trmfcr

Itlodcls  to ctn data prompted CIC l’alcr C( [/1. [ 1991] to illvokc  NI 13-dcpIcting  lILS at Ncptul]c, and to suggest that lIjS



lnigh( Coa[ribulc signiflcmtly 10 d)c ((MI  Opaci(y. Rcccntly  1Jc11oM  aIKl Stcffes  [1994] (hcrmftcr IJIIS)  mndc lab

Illcasurclllcn(s  of CHn 1 I~S opacities a!)d fou[]cl  tlmin  [i Iac(or of two larger [ban Van V1cck-Wcisskopf prcdic[ion.s.

[Jascd ol~ dlis  they suggcs[  112S may bc LIE ]n:tjor  source of cin opacity ia Neptune’s upper h-oposphcrc,  and

rciatcrprcl  1 .iadal’s  [ 1 992] Voyager 2 radio occul(alioa  data. I ,illdal  assutncd  all opacity at tllc 6.3 bar Icvcl, the

(Impcst  probed, was ctuc 10 Nl 13 and dcrivut  a nulnhcr  mixiag ratio of 5 x 107. lJIJS assume all opacity there is clue

m 112S  aod derive a mixing ralio of 1.7 x 10-4. l;or supporl they compare radialive  transfer model results m the ‘In

data, but rely hcavi]y on the very Iloisy single-dish data at> 1 tin, where ttlc VI.A dam arc tnuch more rclirrblc.

l:igurc 5 duplicates I;igurc  4 cxccpt  it includes results  from various mdiativc  tramfer  Inodc]s.  Models 1-4 arc

after IJIIS, widl 30 times solar 1120 and C114;  N113 ml 112S abunclamcs,  rcspcztivcly,  are 0,5 solar and 15 times

solar for model 1, solar’ and 18 times solar for model 2, twice solar  and 25 times solar for tnodcl 3, and solar and 6

times solar for nmtcl  4. Models 1-3, which arc identical shorlward  of 6 cm, yickl 1.7 x 104 112S  above the NII$lII

cloud, while moctcl  4 yields I.indal’s 5 x 10-7 N113. Model 5 is after de l%ter  and Richmond [1989], using an -2Y0

Solal- N113 mixing ratio (3 x 10-6)  throughout tllc atlnoslJhcrc,  limited by saturation. Model 6, by the author, uscs

appmxirlmtdy  solar N] 13 (2 x 10”4) and no 112S m dcmotlstr:i(c  that Ncptuac models with uniforfnly  near-solar NJ13

abut)  dancm  arc inconsistent with tllc observed spcctruln.

OIIly tllc  models with N] 13 above theNI14S11 cloud  rcproducc  Ncptullc’s  ‘1’1, dip at cm wavelengths. Model 5,

with more NI 13 tllall  lnodc’1 4, provides the best fit; CVC1l  more NI 13 would provide a better fit, furlhcr  decreasing “J’B

shortward  of 1 tin. ‘1’his  dots not coaflict  with 1,iodal’s  result, since hc stales N113 is probably still saturated at the

dccpcst  datuln.  l)OC to the 1 IZS spcctru]n’s  silnp]c f 2 dcpcndcncy longward  of 0.4 cm, models domiaatccl  by 112S

above lhc NI 14S11 cloud (l)IJS Jnodcls 1-3) (icviatc  <10 K from a straight ]inc on the plot, quite unlike the data.

Reproducing the “l’D dip with such an absorber rcqoircs a rclati vcly this tropospheric layer with a much larger

absorber mixing ralio thal) actjaccot layers. Sillcc there is no viable n~cchatlism to maintain such a Iaycr, it is highly

utllikcly  that dlc observed cl]] opaci[y  in Neptuac’s  upper troposphere is primarily duc (o 1 IZS. ‘1’hus  Neptune’s

radio spcctrul~i requires Nl 13, or another spccics  with an opacity peak near 1-2 cm; in the upper tropospI]crc.

Applying the 1)11S Inodc]s  1-3 to [JI-aIIus leads to a different conclusion for that planet. LJppcr tropospheric ‘1’-P

(Icllllw[;ltllrc-l>rcsslll”c)  relations for (Jr’iirIus  and NcptullC’  arc very similar; al equal pressures, Ulcir  tclnpmiturcs  differ

by -5K at !nost  fmn WCII above their trt~posphcrcs  (O tl~c dccprst  Icvel  pl-ohcd by radio occultation [1 ,indal ct al.,

1987; 1.indal, ]992], (iivcl)  a fixed set of constituent abu[NlaIIcc  pmfilcs,  a Inodcl  using Ncp[utIc’s  ‘1’-1)  profile will



yield  a “I’D SIMWUIU quite similar to onc produced asillg  [Jranus ‘ ‘1’-[’ profllc. ‘1’hc dissimilarity of Uic two pl:incts’

obscrwd fiitlio  spcctr:i  ln:ikcs it u[ilikc]y  dmy h:ivc sili~ikif colis(itucli[  profiles. I:igurc 6 shows tlic result of using

lJIJS’  1 lzS-dolninatc[f  models of NcpIunc :is first :ipIjroxirl~:ilic)rls  10 such moclcls for LJranus.  ‘1’hc  models fit IJr:inus’

observed spcctri]in  mucli txxmr [Iuiri Ncp[unc’s,  siiggcs[illg  th:it troposptlcric  Consfitucllts  whose CII] opaci(ics  have

~2 dcpclicfclicics,  such :IS I IZS, :irc suflicictlt  to cxplaili IJr:illus’  r;idio  “I}j spcc(r~inl. ‘l’f)lls,  ~,Ililc  Neptune SCC]nS  10

am] a sii]all  (rc]alivc to solar’) but non(rivi:il  amoulit ofN113 ill  iLs upper troposphere, (Jriinus  (IOCS liot.

‘l”IIC  rcsc:irch  dcscribc(l  iii (his paper W:IS c:irricd out by the Jet l’repulsion 1,riboratory, California lnstitutc  of

‘1’ccliIioIogy, under a contfiict wit]) (JIc NatioIi;il Acro]iau[ics  aIid SpKc Adn)inistratioIi.
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Figuro 3: Uranus Brightness T emperaluro Spocirun)
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I l~ure 5: Mocleling  Neptune’s Elrightness  Temperature Spectrum
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F“iguro  2: Saturn Brightness 7 emperalure Spcc[rum
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Figure 4: Nepiuno  Elrighlness  Tompcrature  Spectrum
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Figure 6: Urarws  lo Spectrunl  witt)  Neptune Models
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